An HZ-1 baculovirus clone isolated from persistently infected Trichoplusia ni tissue culture cells was homogeneous as determined by particle morphology and restriction enzyme analysis of virus DNA. Re-establishment of a persistent infection of TN-368 cells with this clone (B1) was unsuccessful. There was a 99~o decrease in infectious virus titre following 10 passages in tissue culture at a high multiplicity of infection, and the 10th passage virus population was capable of establishing a persistently infected cell line (TN-B1). Based on particle morphology, restriction enzyme analysis, and focus-forming plaque assays, the virus recovered from TN-B1 cells included a high percentage of defective virus particles which did not interfere with the infection of second-passage BI virus particles. The role of defective HZ-1 virus particles in the establishment of persistent infections is discussed.
INTRODUCTION
The IMC-HZ-1 ovarian cell line from the Lepidopteran Heliothis zea is persistently infected with HZ-1 virus (Oranados et al., 1978) , a non-occluded virus belonging to subgroup C of the Baculoviridae (Matthews, 1979) . Granados et al. (1978) observed virus particles in the nuclei of approximately 1 ~o of the cells and reported replication of HZ-1 virus in TN-368 cells. Kelly et al. (1981) reported virus induction in IMC-HZ-1 cells following superinfection with other baculoviruses as well as u.v.-inactivated virus. Recently, Ralston et al. (1981) have shown that this virus can establish a persistent infection in TN-368 cells. They suggested that defective interfering (DI) particles were involved in the persistence of HZ-1 virus; however, no such particles were identified. McIntosh & Ignoffo (1981) also suggested that an interfering-type particle was involved in establishing a persistent infection of the Spodopterafrugiperda cell line with the S. frugiperda occluded nuclear polyhedrosis virus.
In this study, a homogeneous HZ-1 virus clone, serially transferred at a high multiplicity of infection (m.o.i.), gave rise to a heterogeneous, defective (yon Magnus) virus population capable of establishing a persistent infection in TN-368 cells. A persistent infection could not be established in the absence of these particles.
METHODS

Cells and viruses.
The IMC-HZ-1 cells used in this study were obtained from Dr C. Y. Kawanishi (U.S. Environmental Protection Agency, Research Triangle Park, N.C., U.S.A.). The HZ-l virus was liberated from cells by brief sonication (100 W for 10 s). Following centrifugation at 200 g for 10 min, the virus in the supernatant was used to inoculate a Trichoplusia ni ovarian cell line (TN-368) (Volkman & Summers, 1975) . After 48 h, the surviving ceils were collected by centrifugation and resuspended in fresh medium (modified TMNFH; Wood, 1980) . The medium was replenished in this culture every 2 to 3 days. After 2 weeks, the ceil culture had formed a monolayer, and the cells were subsequently maintained by diluting the culture (1 : 4 or 1 : 5) once or twice a week. These cells were designated TN-P cells. After 100 passages, HZ-1 virus was plaque-purified from TN-P cells as outlined below. A virus isolate designated B 1 was passaged l0 times in TN-368 cells as outlined by Burand & Summers (1982) . The 10th passage B1 virus was used to obtain the TN-B1 persistently infected cell line and the virus isolated from this line was designated B10.
Plaque assay. Virus titres were enumerated by modification of the procedure of Wood (1977) . TN-368 cells were seeded into Falcon multiwell plates at a concentration of 4 × 105 cells per well. After the addition of the virus sample, the plates were centrifuged at 1000 g for 1 h. The liquid was then removed and the cells overlaid with 2.0~ Sea-plaque agarose (Marine Colloids, Rockland, Me, U.S.A.). After 3 days incubation at 26 °C, 0.1 ml of trypan blue (0.5% w/v solution) was added to each well for 5 min. The excess dye was removed and the plates incubated at 26 °C for 24 h. Plaques were counted using a Bellco plaque viewer (Vineland, N J, U.S.A.).
Virus purification. TN-368 cells were infected with B1 or B10 virus at approximately 20 plaque-forming units per cell. At 48 h post-inoculation the cell culture supernatant containing the virus was centrifuged at 1500g for 10 min to remove cell debris; then the virus was pelleted through 20 ~ (w/w) sucrose in 100 mM-Tris-HC1 (pH 7.5), 10 mM-EDTA (TE buffer) at 83000 g for 1 h in a Beckman SW28 rotor. The virus pellets were resuspended in 1.0 mMTris-HCl buffer at pH 7-5 and aliquots negatively stained with 2~ aqueous phosphotungstic acid at pH 7-2 for electron microscopy.
Purification of cellular and viral DNA. Nuclei of TN-P cells were isolated following the procedure of Maruniak & Summers (1981) and the DNA extracted by the procedure outlined by Wood et al. (1982) using 1X SDS, ribonuclease A (20 gg/ml) and proteinase K (100 gg/ml) in TE buffer. Form I virus DNA used for in vitro labelling was extracted from HZ-I virus and purified on CsC1-EtBr gradients (mean CsCI density of 1.50 g/ml with ethidium bromide at 200 gg/ml) as outlined by Burand et al. (1980) .
Labelling of viral DNA. Form I HZ-1 virus DNA used for hybridization experiments was labelled in vitro following the procedure of Rigby et al. (1977) . The labelled DNA routinely had a specific activity of 1 x 108 ct/min per gg.
B1 and BI0 virus DNAs were labelled with 32p at 100 gCi/ml in TN-368 cells by the procedure outlined by using the method of centrifugation inoculation outlined by Wood (1977) . At 48 h after infection, virus was pelleted by centrifugation of the cell culture supernatant for 15 min at 15 600 g in an Eppendorf microfuge. Labelled DNA was purified using 1 ~ SDS and proteinase K (100 gg/ml) in TE buffer, then phenolextracted and ethanol-precipitated. 32P-labelled DNAs were restricted with EcoRI and electrophoresed as outlined below. The resulting patterns were detected by autoradiography using Kodak RP X-Omat X-ray film.
Restriction enzyme analysis of virus DNAs. Purified virus DNAs were restricted with EcoRI, XhoI, KpnI or BamHI (Bethesda Research Laboratories), following the conditions suggested by the manufacturer. Restricted DNAs were electrophoresed in 0.6~ agarose gels as described by and visualized after ethidium bromide staining. Molecular weight estimates were calculated by the procedure of Southern (1979) , using lambda DNA restricted with EcoRI or HindIII as standards (Daniels et al., 1980) . Gels were scanned with a Helena Quick Scan R & D densitometer. Molar ratios of each fragment were determined from area measurements of gel scans using a Zeiss MOP-3 electronic planimeter.
Detection of interfering particles. TN-368 cells at a concentration of 2 x l0 s cells/ml were inoculated with B1 or B10 virus isolates at an m.o.i, of 20 as described previously (Wood, 1977) . At 2 h post-infection, the cells were washed twice with medium and an aliquot of cells previously infected with BI0 was inoculated with B1 virus. Cells were then washed, counted, plated with TN-368 indicator cells, and overlaid as for plaque assays.
DNA-DNA hybridization. After 50 passages of TN-P cells, 5-0 gg of EcoRI-restricted nuclear DNA, along with 1.0 gg of restricted HZ-1 DNA were electrophoresed as outlined above, and then transferred to nitrocellulose using the bidirectional transfer method of . DNAs immobilized on nitrocellulose were then hybridized with virus DNA 32P-labelled in vitro which was denatured by addition of NaOH to 0.3 M, boiling for 5 min, followed by neutralization with 1 M-HC1 .
RESULTS
Persistence of HZ-1 virus in TN-368 cells
When HZ-1 virus isolated from persistently infected IMC-HZ-1 cells was inoculated onto TN-368 cells, more than 90~ of the cells lysed by 48 h after infection. The surviving cells (TN-P) were permissive to infection with the Autographa californiea nuclear polyhedrosis virus and showed cytopathic effects (c.p.e.) and viral occlusion body formation characteristic of this virus. However, re-inoculation of TN-P cells with HZ-1 virus showed no c.p.e.
In order to determine whether the resistance of TN-P cells to HZ-1 virus was due to the selection of a normally resistant subpopulation of cells or due to the establishment of a persistent virus infection, TN-P cells were subcultured resulting in a dilution factor greater than 10 -3°. After subculturing, an infectious centre assay with TN-368 indicator cells showed that approx. 3 ~ of the TN-P cells contained infectious HZ-1 virus. In order to verify the persistence of HZ-1 virus in TN-P cells, DNA hybridization was performed with TN-P nuclear DNA using nick- translated viral DNA. The resulting hybridization data (Fig. 1) indicated the presence of HZ-1 D N A sequences in nuclear extracts of these cells at approximately 500 to 800 copies per cell. The HZ-1 EcoRI HI, P, and R D N A fragments found in T N -P nuclear D N A (Fig. 1, lane e) consistently hybridized less than expected when compared with virus D N A extracts (Fig. 1, lane  b) . The presence of a minor, molar 6-6 kilobase fragment in virus D N A (Fig. 1, lane a) indicated the presence of genomic heterogeneity in HZ-1 virus recovered from IMC-HZ-1 cells. This fragment was also present in TN-P nuclear D N A extracts. 154.5 * Molar ratios were determined from area measurements of gel scans using a Zeiss MOP-3 electronic planimeter.
t The size of restriction fragments was calculated from agarose gels scanned with a Helena Quick Scan R & D densitometer following the procedure outlined by Southern (1979) . Lambda D N A restricted with EcoRI and HindllI was used as standards (Daniels et al., 1980) . ~: The mol. wt. (× 106) was obtained using a ratio of 1.515 kb per megadalton.
(a) (b) (c) (d) (e)
Persistent baculovirus infection In order to examine the association of this genomic heterogeneity with defective particles and persistent HZ-1 viral infections, a plaque-purified isolate (B1) was obtained from T N -P cells. D N A from this isolate was digested with EcoRI, KpnI, BamHI or XhoI. E a c h of these enzymes yielded a complex banding pattern with a n u m b e r o f multimolar bands (Fig. 3, Table 1 ); j.P. BURAND, H. A. WOOD AND M. D. SUMMERS however, no minor molar bands were observed. The mol. wt. of B 1 DNA, calculated from these digests, was 154 + 2 x 106. Electron microscopic observations of negatively stained B1 virions indicated that these particles were uniform in size, measuring 414 + 30 × 80 + 3 nm (Fig. 2a) . Attempts to establish persistence in TN-368 cells with second and fifth passage virus were unsuccessful.
Effects of serial passage on B1 virus
With the serial passage of B 1 in culture, the titre of infectious virus in successive passages was determined by plaque assay. In a typical experiment, the titre decreased from 2.1 _+ 0.5 x 107 in the first passage, to 1.6 + 0-3 × 107 at the fifth passage, to 2.5 + 0.4 x 105 in the tenth passage. In addition, the virus recovered from the 10th passage was capable of establishing a persistently infected cell line (TN-B1) . Approximately 95 ~ of TN-B 1 cells were persistently infected, as measured by the infectious centre assay. The virus recovered from these cells (B10) was propagated in TN-368 cells in the presence of 32p as orthophosphate. The resulting labelled virus DNA was extracted from purified virus and restricted with EcoRI. B 10 virus DNA (Fig. 4,  lane b) contains minor, molar amounts of the EcoRI fragments A, B, C, F, H, P, R and S, has a 0.2 kilobase (kb) deletion in the K band and an insertion of approximately the same size in the O band. An additional 16.6 kb fragment was found in the EcoRI digest of B10 DNA which was not present in EcoRI digests of B1 DNA (Fig. 4, lane a) . Analysis of electron micrographs of negatively stained B10 virus preparations (Fig. 2b ) indicated that these particles had a wide range in size (370 _+ 76 x 80 + 3 nm) and that at the 99~ confidence level they were significantly smaller than particles of B1 (414 + 30 x 80 _+ 3 nm). Approximately 50~ of the particles present in B10 were less than 400 nm in length. In each case, 125 distinct virus particles were measured.
Interference of B1 infectivity by BIO virus
Interference of B1 infectivity by the defective particles found in B10 could not be demonstrated by simple interference assays. In these experiments where TN-368 cells were infected with B1 or B10 alone, 5.4 + 1.9 and 15.6 _+ 3.6 plaques per well, respectively, were obtained. When the same number of cells were first inoculated with B10 then with B1, 20-9 _+ 6-6 plaques per well were detected.
DISCUSSION
The baculovirus HZ-1, persistent in IMC-HZ-1 cells, can productively infect TN-368 cells (Granados et aL, 1978) and can establish a persistent infection in TN-368 cells, as demonstrated by infectious centre assays and the detection of virus DNA sequences in TN-P cell nuclei. Persistent viral infections have been linked to temperature-sensitive mutations (Preble & Youngner, 1975) and to DI particles (Huang & Baltimore, 1970) . The serial passage of a wellcharacterized plaque-purified isolate of HZ-1 virus (B1) resulted not only in a decrease in the level of infectious virus (indicating the presence of yon Magnus particles) but also in a virus population capable of establishing persistence. Electron microscopic observation of virus from the 10th passage (data not shown) indicated the presence of a large number of short, defectivetype particles. In order to examine these particles more closely and to determine their involvement in HZ-1 persistence, we first generated a TN-368 cell line persistently infected with B1, passed it 10 times in culture and then recovered the virus produced by these persistent cells (B10). Electron microscopic observation of virus particles and EcoRI restriction enzyme analysis of virus DNA indicated that the B10 virus population contained a high percentage of defective particles. This is consistent with the presence of defective particles in uncloned preparations of HZ-1 virus as determined by contour length measurements of relaxed circular DNA molecules (Huang et al., 1982) .
Restriction enzyme digests of B 1 DNA gave a complex fragment pattern with a large number of bands. The tool. wt. of 154 _+ 2 x 106 obtained for the DNA of this isolate is in agreement with mol. wt. estimates of Huang et al. (1982) . However, this value was significantly larger than the 136 _+ 11 x l06 daltons reported by Langridge (1981) for DNA from uncloned HZ-1 virus.
This difference is primarily due to the number of fragments detected. Unlike B 1, the B 10 virus, which contained a large number of defective virus particles, was compose d of a mixture of DNA molecules as evidenced by the presence of a number of minor, molar restriction fragments. The EcoRI H, P and R fragments were also present in decreased amounts in nuclear extracts of the persistent cell line TN-P. These data indicated that defective particles are involved in HZ-1 virus persistence.
The interference property of these defective particles could not be clearly demonstrated. The B1 virus clone after one or ten passages gave a linear plaque assay response with serial dilution (data not shown). Infectious centre assays indicated that pre-inoculation of TN-368 cells with a virus preparation containing a large number of defective particles (B 10) did not interfere with the infectivity of B1. This lack of interference may be because infectious HZ-1 virus particles such as in the B1 clone have evolved in such a way as to become resistant to the interference properties of the defective particles. Another possibility is that HZ-1 persistence is connected to a temperature-sensitive mutation. To investigate this possibility, we are looking for temperature-sensitive mutants in the B10 virus preparation.
As with certain diseases in animals, several insect diseases have been associated with persistent or latent insect viruses (Smith, 1976) . It is thought that under certain conditions these latent insect viruses become activated and result in a productive virus infection. The state of these viruses, as well as the mechanism of activation, is not known. We feel that the study of HZ-1 virus persistence will aid in the understanding of these persistent or latent insect viruses. We also feel that the HZ-1 virus system described here is excellent for the study of the persistence of DNA-containing viruses of eukaryotes.
